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ince the 1960s and 1970s, pioneering academic medical centers (AMC) have been 
leaders in developing medical informatics systems to improve patient care and 
aggregate biomedical data to advance research.  Since the HITECH Act in 2008 
and the subsequent adoption of Electronic Health Records (EHR), the potential to ag-
gregate biomedical data now extends beyond pioneering academic medical centers to 
all healthsystems.  Led by the National Institutes of Health and the Patient Centered 
Outcomes Research Institute’s creation of PCORnet, federal, nonprofit, and industry 
sponsors along with clinicians, patients, and investigators are seeking to capitalize on 
these new clinical data and link them to traditional billing and claims data sources. 
These institutions are creating local, regional and national data networks that can sup-
port prospective and observational research and realize the vision of a learning health 
system. 
I. Developing National Institutes of
Health (NIH) Clinical and Translational 
Science Award (CTSA) Capacity for Bi-
omedical and Informatics Research 
As described previously [Merrill 
Waitman, Lushington, Warren], aca-
demic medical center’s pursuit of Na-
tional Institutes of Health Clinical and 
Translational Science Awards (CTSA) 
[Zerhouni] catalyzed the development 
and integration of informatics capabili-
ties to support clinical and translational 
research.  The 2010 proposal for Univer-
sity of Kansas Medical Center’s CTSA 
program, Frontiers, provides an example 
of a regional vision for biomedical infor-
matics as illustrated in Figure 1.   While 
the precise steps and integration varied 
from this plan over the five years since 
award (2011-2016), the program largely 
succeeded in achieving these comple-
mentary aims.  For our central aim, creat-
ing the HERON clinical integrated data 
repository:  business agreements, and 
oversight processes were successfully es-
tablished between the university and 
health system leadership, the open 
source i2b2 software was implemented 
[Murphy], data was increasingly mapped 
to national standards aligned with mean-
ingful use standards available from the 
National Library of Medicine, and over 2 
billion facts for 2 million patients were in-
tegrated.  Over 800 access and data re-
quests from faculty have been approved 
and investigators have executed over 
50,000 queries.  Notably, HERON pro-
vided a platform for integrating elec-
tronic health records with existing na-
tional registries (e.g. NAACCR hospital 
tumor registry, national cardiovascular 
S 
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research database CathPCI, trauma, and 
cystic fibrosis) and organizational bench-
marking activities (e.g. Visient University 
Health System Consortium).   
In addition to i2b2 for data integra-
tion and warehousing, Frontiers biomed-
ical informatics adopted and promoted 
REDCap (https://projectredcap.org/) 
[Harris] as a common tool for research 
data capture across the enterprise and 
our partner institutions: streamlining ac-
cess to all with a KUMC campus login. 
Adoption has been dramatic: with over 
2,500 data collection projects in produc-
tion for over 4,000 users.   REDCap use 
has also extended beyond traditional 
clinical trial electronic case report forms 
to also support registries and administra-
tive needs across the medical center and 
our health system partners; increasing 
awareness of the CTSA capabilities for 
the campus and adoption of REDCap at 
other campuses in the Kansas City re-
gion.   
Figure 1.  Conceptual Model of Clinical and Translational Science Award Biomedical 
Informatics and Specific Aims 
II. CTSA Informatics Infrastruc-
ture’s Potential for National Interopera-
ble Data Research 
Frontiers biomedical informatics’ 
choice of i2b2 and REDCap was fortui-
tous for supporting broader collabora-
tion nationally.  Our campus’ efforts to 
make HERON a strong example of ex-
tending i2b2 at enterprise scale for a cam-
pus and its heightened integration with 
REDCap was of interest to other aca-
demic medical center CTSA programs. 
Often i2b2 was implemented for specific 
informatics projects or to only provide 
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feasibility assessment.  These limited 
scope or reduced functionality imple-
mentations of i2b2 would often hinder 
adoption by the broader research com-
munity at a medical center.  By  2013, 
HERON was seen by the broader com-
munity as a successful example for data 
integration which was coincidental with 
the announcement by the Patient Cen-
tered Research Institute (PCORI) that 
they were creating PCORnet, the Na-
tional Patient-Centered Clinical Research 
Network [Fleurence].  This effort was 
supported by several funding announce-
ments in Spring 2013 that would support 
the creation of Patient Powered Research 
Networks, Clinical Data Research Net-
works, and a Coordinating Center for the 
national network.   
PCORI and its stakeholders from the 
National Institutes of Health (NIH), the 
Food and Drug Administration (FDA), 
patient organizations and insurance 
plans had a vision to improve our na-
tion’s capacity to conduct clinical re-
search.  Current state was seen as an en-
vironment where a high percentage of 
decisions made in clinical practice were 
not supported by the best evidence.  Pa-
tients health outcomes were not improv-
ing and disparities in outcomes were also 
either stagnant or widening.  The ma-
chinery of developing prospective or ret-
rospective clinical research studies was 
slow and expensive or unreliable at creat-
ing reproducible research.  As a result, 
clinical research was also unattractive to 
hospital and health system administra-
tors who often didn’t see how this com-
plex additional activity benefited patient 
care at their institutions.  As PCORI’s 
mission is patient centered and more ori-
ented towards pragmatic research (rela-
tive to basic science and early transla-
tional research support by the NIH) there 
was a strong emphasis of generating evi-
dence to support daily decision making 
for doctors, patients, and their families 
[Tricoci P et al.]  PCORI, it’s stakeholders 
of funder and researchers saw that exist-
ing networks, recently enabled by the 
adoption of electronic health records, 
might provide a platform for conducting 
research more effectively but also bring 
together patients, providers and scien-
tists to work as a connected community. 
PCORnet’s goal was “to improve the na-
tion’s capacity to conduct clinical re-
search by creating a large, highly repre-
sentative, national patient-centered net-
work that supports more efficient clinical 
trials and observational studies.” 
Frontiers biomedical informatics saw 
high alignment with its work for integrat-
ing data in support of our CTSA program 
and the PCORI funding opportunity to 
create a Clinical Data Research Network 
(CDRN) which required the ability to in-
corporate at least two health systems 
with over 1 million patients’ data and 
have rich physician and patient engage-
ment.  Networks needed to demonstrate 
governance and the ability to collect pa-
tient reported outcomes as well as embed 
comparative effectiveness trials in the 
clinical workflow.  Some existing data 
networks were poised to respond while 
KUMC and related CTSA programs 
didn’t have existing data networks in 
place.  Frontiers worked with other insti-
tutions in the Midwest to organize a re-
sponse and create the Greater Plains Col-
laborative (GPC) [Waitman, Aaronson] 
and successfully competed for an initial 
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Phase 1 CDRN contract (http://fron-
tiersresearch.org/frontiers/sites/de-
fault/files/frontiers/documents/GPC-
PCORI-CDRN-Research-Plan-Template-
KUMCv44.pdf ; awarded in 2014 for 18 
months) and the subsequent Phase 2 con-
tract  (http://frontiersresearch.org/fron-
tiers/sites/de-
fault/files/Phase%20II%20Proposal.pdf ; 
awarded in 2015 for 3 years).  The Greater 
Plains Collaborative initially included 10 
partner institutions covering an esti-
mated 11.8 million lives, 13 hospitals, 430 
clinics, 1800 primary care providers, and 
7600 specialists.  Each network had to de-
velop their ability to characterize obese 
patient populations but had flexibility in 
choosing a common and rare disease fo-
cus.  GPC worked with community stake-
holders to identify breast cancer as its 
common condition and guided by CTSA 
leadership choose Amyotrophic Lateral 
Sclerosis (ALS or Lou Gerhig’s disease) as 
its rare condition.  GPC adopted i2b2 and 
REDCap as common technologies based 
on their increased adoption across CTSA 
programs or related programs at other in-
stitutions.  The Greater Plains Collabora-
tive high level architecture and govern-
ance is shown in Figure 2.  The initial 10 
GPC institutions included: University of 
Texas Health Sciences Center at San An-
tonio, University of Texas Southwestern, 
University of Kansas Medical Center, 
Children’s Mercy Hospital, University of 
Nebraska Medical Center, University of 
Iowa, University of Wisconsin, Medical 
College of Wisconsin, University of Min-
nesota, and the Marshfield Clinic.  In the 
phase two proposal the Greater Plains 
Collaborative expanded to include the 
University of Missouri and Indiana Uni-
versity (http://www.gpcnet-
work.org/?q=AboutUs ). 
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Figure 2. Greater Plains Collaborative Architecture and Governance 
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III. Managing data expectations
amongst differing data constituents: 
Clinical Researchers (“their data”) and 
Epidemiologists (“all the data”) 
In addition to meeting our contrac-
tual milestones outlined in our proposals 
for becoming a viable Clinical Data Re-
search Network, all network partners 
were instructed to also shift effort to sup-
port adoption and implementation of a 
new data infrastructure: the PCORnet 
Common Data Model (CDM) that was to 
be based on a data model created for the 
FDA by a portion of the PCORnet coordi-
nating center at Harvard Pilgrim’s Insur-
ance (the Mini-Sentinel Common Data 
Model).  Mini-Sentinel was created to 
support adverse drug event surveillance 
using insurance claims administrative 
data: classically diagnoses, procedures, 
and hospitalizations across insured pop-
ulations who were “covered” by an in-
surance plan during well defined enroll-
ment periods.  The PCORnet Common 
Data Model version 3.0 is shown in Fig-
ure 3.   
Figure 3.  PCORnet Common Data Model version 3.0 
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As we worked to develop the net-
work and focus on our common condi-
tion, breast cancer, the differences in per-
spective between the epidemiology fo-
cused coordinating center data modeling 
team and those embedded in health sys-
tems with rich clinical research goals be-
came apparent.   Clinical researchers of-
ten are intimately familiar with unique 
data available to their profession and dis-
ease area.  For example, Figure 4 illus-
trates how incorporating standardized 
hospital tumor registry tables defined by 
the North American Association of Cen-
tral Cancer Registries (NAACCR) can act 
as a standard against which one can com-
pare clinical and billing information from 
electronic and administrative systems at 
a health system.  Figure 4 also illustrates 
HERON’s ability to link to EHR patient 
portal usage (MyChart) and incorporate 
the social security administration death 
master file (SSDMF) so clinical research-
ers may exclude patients who have died 
outside their health system from being 
contacted for clinical trials or use SSDMF 
status for outcomes research.  This leads 
to a gross observation that trialists and 
clinical researchers want access to “their 
data”.  They are familiar with relevant 
clinical workflows and registries unique 
to their profession and would like it in-
corporated in a manner similar to how 
they are used to seeing this data.  Since 
the majority of their research is at a single 
site, they are less concerned with aligning 
data to national standards which may ac-
tually hinder their interpretability. 
In contrast, PCORnet’s data coordina-
tion was centered at Harvard Pilgrims 
which is epidemiology focused.  Upon re-
flection, that was clear from the initial 
funding announcement which called for 
participants to: 1) create research-ready 
datasets that included comprehensive 
data from EHRs to describe patients’ care 
experience over time and in different care 
settings. 2) CDRNs were to utilize multi-
ple rich data sources to support research, 
such as electronic health records, insur-
ance claims data, and data reported di-
rectly by patients.  This called for CDRNs 
to establish relationships with external 
data partners (Centers for Medicare and 
Medicaid, State, private insurers).   
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Figure 4: North American Association of Central Cancer Registries (NAACCR) hospi-
tal tumor registry data incorporated within the KUMC HERON i2b2 data warehouse. 
Figure 5 from the Phase 1 GPC pro-
posal provides a visualization of PCOR-
net’s goal of complete and comprehen-
sive data by revealing gaps in data for a 
typical academic medical center’s cancer 
center.  Data after breast cancer diagnosis 
is reasonably complete during treatment 
but is often missing for common data el-
ements prior to diagnosis (e.g. vital signs, 
common labs) since the medical center 
predominantly provides specialty care.  
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A year after diagnosis, we may see simi-
lar decline as the patient’s primary care is 
provided outside the academic medical 
center. 
Figure 5.  Comprehensive and 
complete data example from 
the University of Kansas Can-
cer Center:  heat map of per-
centage of proposed data ele-
ments from the EHR and bill-
ing sources recorded in six 
month intervals surrounding 
the data of breast cancer diag-
nosis specified by the hospital 
tumor registry. 
This highlights a challenge for net-
work infrastructure teams: clinical re-
searchers seeking data specific to their 
professions specific needs and workflow 
while epidemiologists seeking transform-
ing data out of specific workflows and 
registries into a unified common data 
model that harmonizes “all the data”. 
Medical centers struggle as they partici-
pate in multiple national initiatives with 
how to manage both kinds of customers 
(predominately local clinical researchers 
versus national network epidemiologic 
driven) and potentially conflicting na-
tional common data models required for 
participation in different efforts (NIH 
CTSA, All of Us for the National Cancer 
Institute, PCORnet, Mini-Sentinel for 
FDA, etc). 
GPC has chosen various strategies to 
promote data exchange and compare ter-
minology alignment across partners. 
Sites use i2b2 to incorporate rich clinical  
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data sources such as cancer registries and 
share their terminologies using a central-
ized website (https://babel.gpcnet-
work.org ) shown in Figure 6 but also us-
ing software developed in partnership 
with Harvard University and the  
SCILHS network (http://scilhs.org/)  
to transform data from i2b2 into  
the PCORnet Common Data Model 
(https://github.com/kumc-bmi/i2p-trans-
form).  Sites align their data in i2b2 to use 
consistent terminologies for common 
variable such as diagnoses, procedures, 
demographics and laboratory results. 
This allows the network to support local 
and regional investigators who can di-
rectly use i2b2 to determine study feasi-
bility and KUMC developed software to 
extract data from i2b2 (Data Builder; 
https://informatics.gpcnet-
work.org/trac/Project/wiki/DataBuilder) 
but also have their data quality checked 
as it’s transformed into the PCORnet 
CDM.  The PCORnet CDM in turn allows 
the medical centers in the GPC to partici-
pate in the national research initiatives 
and also supports GPC level investiga-
tors developing studies that will leverage 
the PCORnet CDM.   
Figure 6.  Greater Plains Collaborative Babel terminology service illustrating termi-
nology types from University of Kansas, Marshfield Clinic, and the Medical College 
of Wisconsin. 
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IV. From Infrastructure Building to
National Studies: prospective interven-
tional and observational PCORnet 
demonstration projects 
While much of PCORnet’s activity 
was establishing governance and data in-
frastructure, the network also collabora-
tively prioritized and devised three na-
tional demonstration projects: the pro-
spective ADAPTABLE pragmatic trial 
and two observational studies regarding 
obesity.   
Aspirin Dosing: A Patient-Centric 
Trial Assessing Benefits and Long- 
term Effectiveness (ADAPTABLE) 
(http://theaspirinstudy.org/) is PCOR-
net’s first pragmatic clinical trial.  It is not 
only important clinically but provides the 
richest test of a medical center’s willing-
ness and capability to conduct trials in a 
novel, more efficient manner. ADAPTA-
BLE seeks to compare the effectiveness 
and safety of two doses of aspirin (81 mg 
and 325 mg) in 20,000 high-risk patients 
with atherosclerotic cardiovascular dis-
ease (ASCVD).  It’s cost per enrolled pa-
tient is an order of magnitude lower than 
traditional trials (ADAPTABLE = $850; 3 
Simple, NIH Pragmatic Trials: $2,260 to 
$13,269; Industry Trials: $8,500). It’s key 
innovation is to determine eligible pa-
tients by screening electronic health rec-
ords for defined by a computable pheno-
type and then approach them via pre-
dominantly high volume, low cost chan-
nels (email, EHR patient portals, and 
physical mailers).  Patients then visit the 
ADAPTABLE website and enter their 
“Golden Ticket” provided by the ap-
proach email/letter.  After reviewing the 
trial and online consent videos, the pa-
tients are consented and enrolled, typi-
cally at their convenience in their home. 
ADAPTABLE includes researchers from 
8 PCORnet CDRNs and 35 health systems 
along with an “Adaptor Team composed 
of 8 patients representing each CDRN 
supported by the Health eHeart Alliance 
PPRN.  While enrollment has now exceed 
5000 patients, Figure 7 provides a snap-
shot of enrollment yield rates across sites 
in June 2017. 
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Figure 7.  PCORnet’s ADAPTABLE trial enrollment and recruitment yield rates 
across sites circa June 2017. 
PCORnet also undertook two obser-
vational studies addressing controversial 
subjects with the largest sample sizes to 
date.  The bariatric surgery study (largely 
adult patients with seven GPC sites par-
ticipating) includes 48 institutions, 11 
CDRNs, 3 PPRNs, and 65,000 people 
(1,000 of who are adolescents) and stud-
ies which surgical approach is best for 
treating severe obesity between Roux-en-
y gastric bypass, Adjustable gastric band-
ing, or Sleeve gastrectomy shown in Fig-
ure 8. 
This study focuses on one, three and 
five year outcome that matter to obese 
patients: weight loss, improvement in di-
abetes, and risk of adverse events. 
The pediatric obesity survey studies 
whether antibiotics given to children in-
crease risk for obesity and includes 10  
Participating CDRNs, 4 Participating 
PPRNs, 41 Institutions, and 650,000 chil-
dren.  Its main effect analyses evaluates 
antibiotics use during the first 24 months 
and weight outcomes at five and ten 
years of age. 
Figure 8. PCORnet bariatric study surgi-
cal approaches (disseminated by the 
PCORnet coordinating center). 
   (SG)
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V. How does a medical center
(KUMC) and the GPC (peer AMCs) fit 
into the evolving national landscape? 
As the University of Kansas Medical 
Center and our peers in the Greater 
Plains Collaborative complete four years 
of building PCORnet, we reflect upon 
how our participation has impacted our 
campuses.  The majority of our campuses 
are involved in all three demonstration 
projects.  Our network, led by Dr. Eliza-
beth Chrischilles at Iowa, leads the na-
tional collaborative research group for 
advancing PCORnet’s cancer research 
and Dr. Russ Waitman has served as the 
national chair for the PCORnet data com-
mittee.  GPC sites have been responsive 
to national common data model queries 
issued from the national coordinating 
center to each participating site and all 
GPC sites adopted the SmartIRB national 
reliance model before any other network. 
The GPC strategy to merge Medicare and 
Medicaid Claims was successful and has 
created a centralized claims repository 
for integrating EHR and CDM data 
(https://informatics.gpcnet-
work.org/trac/Project/wiki/GROUSE).  
While the national structure of PCORnet 
is evolving, in many ways the GPC has 
served as a data fitness camp for aca-
demic medical centers to participate in 
national data intensive research.  PCORI 
announced in 2017 that it would transi-
tion infrastructure support for PCORnet 
to a newly created non-profit: the Patient 
Centered Research Foundation 
(http://www.pcrfoundation.org/) which 
will in turn contract with Clinical Data 
Research Networks instead of networks 
contracting with PCORI.  This will give 
the networks and foundation flexibility 
in seeking varied sponsors and funders 
who may seek to use the network.  Ques-
tions arise though as to how structure in-
forms network design and collaboration. 
Currently, PCORnet is coordinated in 
largely a traditional model where recruit-
ing sites serve the central coordinating 
center.  But new trends, such as reciprocal 
IRB and the Greater Plains Collabora-
tive’s use of complementary reciprocal 
data sharing shift the model to allow in-
teroperable data exchange and coordina-
tion so that trials made led by each par-
ticipating site or medical center.  GPC 
currently sees it role as shifting to an in-
termediary, member governerned collab-
orative providing the following services 
and roles: 1) helping member improve 
their regulatory, patient and clinician en-
gagement to complement data infrastruc-
ture for participating in national research, 
2) contracting with Patient Center Re-
search Foundation (PCRF) PCORnet 2.0,
3) governing peer to peer data
Sharing to complement SMART IRB
(http://www.gpcnetwork.org/sites/de-
fault/files/GPC%20Re-
source%20Guide_Pilot%20Pro-
gram%20Supplement.pdf ), 4) providing
a forum for members to share technology
and be accountable to one another for
data quality and capability, and 5) con-
solidating data assets as needed such as
CMS claims via GROUSE.  This structure,
shown in Figure 9 would allow grants to
be awarded at the member site and con-
tracting for services if needed at higher
organizational levels (GPC or PCRF – for-
merly refered to as NewCo).  National
collaborative opportunities would flow-
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down through GPC who coordinates re-
gional quality and capability as well as 
supports centralized resources. 
Figure 9.  Proposed Greater Plains Collaborative sustainability model post Phase 2 
PCORI contract 
PCORnet and the Greater Plains Col-
laborative have catalyzed dramatic 
changes in regulatory, patient engage-
ment, and data infrastructure to support 
research at the point of care.  But, data, 
technology, and organizational relation-
ship are very fluid so we are constructing 
these capabilities in a very dynamic time. 
Medical centers will continue to demon-
strate their desire to lead by providing re-
sponsive regulatory and contracting ac-
tivities, flexible data infrastructure, and 
the ability to deploy informatics interven-
tions at the point of care with integrated 
and responsive approaches to patient, cli-
nician and researcher engagement for 
both research and care delivery. 
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